Abstract-Deficiencies in upper-limb motor function and executive functioning can compromise an affected individual's ability to complete everyday activities. Impaired motor and executive functioning therefore pose a risk to increasing numbers of veterans who have been diagnosed with acquired brain injury. This article reports on changes in upper-limb motor function and executive functioning of 12 adult participants with chronic acquired brain injury using a novel, computer-based, motor and cognitive rehabilitation program called PreMotor Exercise Games (PEGs). Manual muscle, goniometric range of motion, and dynamometer assessments were used to determine motor functioning while the Executive Function Performance Test measured cognitive functioning. A three-level repeated measures design was conducted to determine changes pre-and postintervention. Participants demonstrated significant improvement in shoulder (p = 0.01) and wrist (p = 0.01) range of motion and clinically relevant improvement for elbow range of motion. Participants demonstrated clinically relevant improvement in shoulder, elbow, and wrist strength. Finally, participants demonstrated significant improvement in executive functioning (p < 0.05). Using PEGs as a modality for both motor and cognitive intervention is a potentially beneficial adjunct to rehabilitation and warrants further study.
INTRODUCTION
The demographic shift caused by an aging population in the United States poses new challenges to the healthcare industry, including the treatment of acquired brain injury (ABI) due to stroke and traumatic brain injury (TBI), which are often related to aging, cardiovascular disease, and falls. ABI refers to a type of brain injury that can result from an impact to the brain, including TBI and stroke [1] . The Centers for Disease Control and Prevention's National Center for Injury Prevention and Control estimates that 5.3 million U.S. citizens, or 2 percent of the population, are living with disability from ABI [2] . Strokes are the leading cause of long-term disability in the United States, and it is estimated that 795,000 strokes occur annually. The annual incidence of TBI in the United States is approximately 1.7 million [3] . Over 80 percent of individuals with ABI have motor problems, which affect the functional use of the upper limb [4] .
Specifically, 6 mo after stroke, only 38 percent of patients recover limited dexterity in the paretic arm and only 12 percent recover substantial function despite having received rehabilitation [5] . Therefore, it is not surprising that novel rehabilitative modalities are emerging to address upperlimb dysfunction for adults with ABI. Some of these potential approaches to promote recovery of movement of the upper limb are based on the discovery of mirror neurons. For example, interventions such as motor imagery, mirror therapy, action-observation therapy, or computer-based therapy for the upper limb may derive in part from the mirror neuron theory described here [6] [7] [8] [9] [10] .
Mirror Neurons
Mirror neurons were originally thought to be located in the lateral premotor cortex of the brain but are now known to be more widespread and most likely exist in the posterior parietal cortex and the premotor cortex. The mirror neuron hypothesis postulates that these neurons are active not only when individuals execute motor actions but also when they observe, imagine, or listen to these same actions [11] . In addition, the relearning of impaired cortical motor function may be mediated by the mirror neuron system. Mirror neurons may underlie the basis for how humans learn to connect motor behavior with cognitive and emotional intention [11] [12] . For example, Gutman et al. stated, "mirror neurons may allow us to see a motor behavior and link it to the cognitive and emotional intention of the performer" [13] .
Mirror neuron research has encouraged the development of new motor rehabilitation approaches. In addition, advances in neuroimaging have revealed that rehabilitation induces brain plasticity after stroke for patients during the chronic stages of recovery [14] . New rehabilitation paradigms have therefore incorporated the use of motor imagery (physically or computer generated) to facilitate mirror neuron activation. Such therapies derive from simulation theory, which states that within the central nervous system there is functional correspondence between movement imagery, movement observation, and actual movement [6, 15] . Research, which has supported these theories, has led to application in rehabilitative strategies such as mirror therapy, computer-based motor learning/motor imagery, and action-based therapy.
Mirror Therapy
Mirror therapy evolved from the discovery, theoretical development, and research associated with mirror neurons and motor recovery, specifically after limb amputation and accompanying brain trauma. It is based on visual and physical simulation and stimulation. During mirror therapy, a mirror is placed in a patient's mid-sagittal plane reflecting the noninvolved side as if it were the involved side. By using this setup, movements of the noninvolved limb create the visual simulation, or false appearance, of normal movements of the involved side [16] . Michielsen et al., through functional magnetic resonance imaging (fMRI), found that during this process the precuneus and posterior cingulate cortex were activated [17] . Research demonstrates the need for continual growth for this type of therapy based on the observed benefits. Improvements such as enhanced fluidity of movement patterns, ability to carry out daily activities, pain reduction, improved grasp, and maintenance were demonstrated to extend beyond 6 mo of treatment [17] [18] [19] [20] . Another recent study using mirror therapy, published by Lee et al. in 2012 , noted improvements in Fugl-Meyer Assessment scores for shoulder, elbow, and hand, as well as improvement in the Manual Function Test scores for shoulder and hand items [21] .
Computer-Based Intervention
With the integration of digital technology into rehabilitative medicine, researchers and therapists began to incorporate mirror therapy concepts into computer programing for upper-limb treatment after ABI [22] . These new therapeutic modalities have resulted in decreased demand on therapists' time, with a reduction of mass practice approaches and an increase in the time patients can spend working on upper-limb motor functioning [23] . The concepts of mirror therapy have been integrated into computer-based programming in which the patient may use a noninvolved limb to manipulate objects, including virtual involved limbs, on the computer screen. These therapies enable patients to visualize movement with the assistance of a virtual, computer-simulated involved limb, which allows them to simultaneously create and observe that movement on screen. Wille et al. found that patients' motivation for this type of therapeutic programming was high and study participants demonstrated improved hand function such as grasp and release [23] .
Because of the demands of computer interfaces requiring input methods, such as a joystick or mouse, researchers also observed that mental practice and mental imagery training were occurring. Therefore, the transition of mirror therapy from a table-top approach to a computer-based approach brought multiple environmental stimulants, such as mental practice, motor imagery, and mirror therapy concepts, into the therapeutic process of motor recovery for the upper limb following ABI [24] . Butler and Page defined mental practice with motor imagery as an "internal simulation of movements involving one's own body in the absence of overt execution" [24] . Studies using fMRI techniques have reported activation of the supplementary motor area, premotor cortex, primary motor cortex, parietofrontal circuitry, temporal gyrus, and ipsilateral anterior lobe of the cerebellum [24] [25] [26] .
Research associated with mirror therapy, mental imagery, mental practice, and action-observation therapy has experienced accelerated development in recent years. The vast majority of research involving rehabilitation has been centered on adult patients with stroke in the acute stages of recovery. Calayan and Dizon completed a systematic review on the effectiveness of mental imagery and mental practice and reported that those studies using a randomized control trial (RCT) design found improvements in upper-limb movement for both range of motion (ROM) and strength, as well as reaching and grasp during functional tasks for individuals 4 wk poststroke [27] . In a similar review, Braun et al. reviewed 10 studies that included several RCT and single case-study designs: 8 studies found significant outcomes for these therapeutic approach on patients with stroke [28] . Studies that included fMRI found that during mental imagery and mental practice, plasticity is upregulated in the hemisphere opposite to the lesion for participants with stroke [25, 29] .
Although a majority of research studies have involved patients in the acute stages of stroke, several studies postulated that computer-based interventions promote neuroplasticity and could be effective even years after central nervous system damage and suggest a need for continued research [24, 28, [30] [31] . Research associated with computer-based intervention incorporating mirror therapy, mental imagery, and mental practice has been conducted primarily in the pediatric setting and is limited. In addition, no studies were found that considered the assumptions of Gutman et al. [13] that a strong cognitive demand is present as participants consider the intent and purpose of movement. Therefore, the pilot study described herein sought to measure both motor recovery and cognitive enhancement of an adult population in the chronic stage of recovery from ABI. Specifically, this study proposed to answer the following research questions: 
METHODS

Design
This intervention study was conducted using a threelevel repeated measures design. The first two measures were taken at baseline levels with the intent of verifying stability of outcome variables. The interval between the first and second baselines was 2 wk. PreMotor Exercise Games (PEGs) intervention, using the 3D PreMotorSkill Technology (Durham, New Hampshire), was subsequently provided, and the third series of measures (postintervention) was gathered immediately following intervention. The first and second authors were independent researchers in adult neurological rehabilitation who planned and implemented the study. The third author assisted with the technical implementation of the intervention, provided feedback on PEGs development, contributed to the technological detail of this article, and did not play any role in the design, analysis, and interpretation of results.
The research design was well suited to the nature of this pilot study in terms of time, budget, and availability of study participants and personnel. The relevance and key merits of repeated measures design in this research were (1) minimizing between-subject variability (a concern with individuals recovering from brain injury), (2) accounting for the within-subject variability (changes in individual subjects over time), and (3) precluding the need for a control group since study participants themselves serve as a time-tested control group between the period from baseline to postintervention [32] .
Setting
The study was conducted at a community center day program for individuals with ABI. Institutional review for human subject protection was conducted and approval was obtained from the center and through the Research Integrity Services at the University of New Hampshire.
Participants and Recruitment
Fourteen individuals who experienced various forms of ABI volunteered. All were over 21 yr of age and in chronic stages of neurological recovery. The average chronic duration postinjury was 11.4 yr and average age was 53.9 yr. Two volunteers left the study for personal reasons unrelated to participation in the study. The sample size was estimated based on the scope, timeline, and feasibility of the research protocol. Nevertheless, a power analysis based on f-test for analysis of variance (ANOVA) indicated that the sample size was reasonably adequate. Anticipating a medium fvalue of 0.50, 14 participants were required to show statistically significant differences in motor scores (power = 0.80, df b = 2, and type I (α) error = 0.05) for the three data points in our study [33] .
All potential participants underwent a screening protocol to confirm their eligibility in the study. Inclusion criteria for the screening were being medically stable (when examined by professional therapists overseeing their daily activities), presence of motor deficits as ascertained by a Quick Functional Range and Strength Assessment, and willingness and availability to participate in the study protocol.
As exclusion criteria, participants in the program were not considered if they presented with potential difficulties in following the intervention protocol as determined by the Motor-Free Visual Perception Test (MVPT) and the Executive Function Performance Test (EFPT). Participants who scored below the 15th percentile on the MVPT were deemed to have visual-spatial difficulties that would limit their ability to effectively engage in the intervention and therefore were excluded from the study. The EFPT was administered to all potential participants to screen for difficulties in cognition and information processing that would limit their ability to follow the instructions of the intervention and research protocol. In addition, those members with a history of photosensitive epileptic seizures were not considered for inclusion in this study because of safety reasons. In order to ensure that the study results would reflect PEGs play alone, all participants were instructed to and confirmed they would not play any video games, except those designed for therapeutic intervention, throughout the intervention period and postintervention assessments/measurements.
Instruments
The methods used to record motor skill variables included (1) manual muscle testing with a 0 to 5 rating, with 0 being no strength to 5 being full strength; (2) ROM assessment using goniometer; (3) hand grip strength measurement using a calibrated dynamometer; and (4) pinch strength for key, lateral, and three-jaw chuck (tripod) grasps using a pinch meter.
The EFPT is a highly used assessment of executive functioning for people with ABI and was used to examine changes in cognition and its consequent effect on daily functioning. The EFPT measures an individual's executive functioning relevant to four independent living skills: (1) simple cooking, (2) telephone use, (3) medication management, and (4) bill payment. The assessment measured executive functioning components consisting of initiation of task, organization, sequencing, safety and judgment, and completion of task. The components are measured across the performance of the four independent living skills. The test produced three levels of scoring: the executive function component score, the independent living skill task score, and a total score. The executive function component score is calculated by summing the numbers recorded on each of the four tasks of the previously listed functional components. Scores on each executive function component can range from 0 to 5, and therefore, the total for all four tasks can range from 0 to 20. The independent living skill task score is calculated by summing the five scores of each task. The range for each task is 0 to 25. The total score is the sum of the performance on all four independent living skill tasks and can range from 0 to 100. The EFPT uses reverse scoring, with low scores representing better performance on the assessment. The interclass correlation coefficient for interrater reliability is 0.91, and internal consistency was high (α = 0.94). Construct, concurrent, and criterion validity for the EFPT are strong, as reported by Baum et al. [34] .
INTERVENTION
The 3D PreMotor Skill PEG intervention was conducted by two trained occupational therapy graduate students and directed by a licensed occupational therapist with expertise in neurological rehabilitation. The 3D PreMotor Skill PEG technology is currently in the research and development phase, and as development occurs information will be available via the Internet for clinicians. Instruction in delivery of the 3D PreMotor Skill intervention along with assistance was provided to graduate students throughout the intervention process. Initial instruction and guidance were provided, usually taking 5 min or less for participants to become capable of playing PEG simulations. Participants progressed independently thereafter. The design of the PEGs platform accommodates many ABI performable levels of virtual simulation interactivities, meaning that progression of PEG playing is self-directed.
PEGs are based on the theoretical foundation that for individuals with disabled or dysfunctional use of upper limbs, which impede control of purposeful actions or related cognitive processes, imagined action alone results in imagined feedback. Visualization and imagery alone are only somewhat sufficient for rehabilitating action planning, execution, or restoration of unaffected physical actions.
PEGs provide video game-like opportunities so that users are able to instantiate abstract mental representations of physical actions into actual visual displays of simulated physical actions. PEGs include anatomically realistic upper limbs with analogous true ROM that are controllable using the uninvolved limb and any input means, e.g., a standard mouse, touchscreen, or head movements. Upper-limb PEGs exercises included participant-players controlling any or all parts of a virtual affected hand, lower or upper arm (right or left), executing flexion/extension, supination/ pronation, and abduction/adduction in any direction. Participant-players managed displays of some of, the majority of, or all of a virtual upper limb from substantially any angle.
PEG virtual hand games for preaction training consists of (1) pincer action to grasp a key; (2) two finger action to grasp a ball and drop it into a cup; (3) multifinger action to pick up a spoon and drop it into a cup; (4) full hand grasp around a mug handle; (5) tapping actions by index and middle fingers on a remote controller; and (6) hand grasp of objects shaped as stars, circles, or squares, then placement into the corresponding slots (Figure 1(a-b) ). These actions were embedded into the following PEGs that simulated real-life tasks: (1) opening a correct box, (2) nine box game with voice instructions to the player, (3) light bulb game, (4) jigsaw puzzle games, (5) simple number game, and (6) simple letter games.
Data Collection
Data were collected twice in the baseline phase, 2 wk apart, and later following the interventions. All instruments were administered by a licensed occupational therapist who was not involved in promoting intervention.
Data Analysis
The data were analyzed using descriptive and inferential statistics. Mean scores of outcome measures were plotted on charts for visual analysis. Because of two participant drop-outs and high variability in the data, we chose to closely analyze the response to intervention for each participant and used nonparametric Friedman repeated measures of ANOVA for the sample data to verify statistically significant changes (Type I α < 0.05) from baseline to postintervention. In addition, we used Pearson correlation to ascertain whether changes in outcome measures were associated with time spent with intervention. Table 1 displays the demographic and diagnostic details of the participants. As previously stated, 2 of the 14 recruited participants dropped out of the study because of ongoing health complications and subsequent problems with their availability for the intervention protocol.
RESULTS
The 12 participants were in the age range of 43 to 66 yr, with the average age being 53.9 ± 6.5 yr. They included eight males and four females. In terms of their nature of brain injury, eight participants had experienced a stroke and four had a TBI, with average time since onset of injury at 11.4 ± 10.0 yr for all participants. Table 2 indicates the time spent by each participant on the PEG interventions varied based on participant levels of fatigue, concentration, and transportation challenges in getting to the community center. Figure 2 illustrates the changes in ROM of upper-limb joints for participants from baseline to postintervention for the three upper-limb joints, while Table 3 displays the change in ROM for each participant within the baseline and postintervention phases.
Range of Motion
Shoulder Flexion Range of Motion
The ROM for the 12 participants remained relatively stable from baseline 1 to baseline 2, while at postintervention notable gains in ROM were recorded for participants 3 (65°), 8 (68°), and 11 (53°). An increasing trend in ROM was noted in participants 7 and 12 across baseline to postintervention. Shoulder ROM was stable for participants 1 and 2, while a slight decline in ROM was observed in participant 4. Shoulder ROM for participants 5, 6, and 9 could not be assessed throughout the study. The study protocol specified that only active range would be measured; if a participant could not actively move a joint they were assigned a score of 0°. Participants 5, 6, and 9 had no active movement for any assessment finding and therefore no score was given. For the nine participants with active shoulder movement, the mean ROMs across the three phases were 99.9°, 104.3°, and 126.3°, respectively. The nonparametric Friedman test for repeated measures ANOVA showed these differences to be statistically significant (p = 0.01), with the most significant difference between baseline 2 to postintervention (p = 0.02).
Elbow Flexion Range of Motion
Overall, no remarkable difference in ROM for elbow movement was recorded in participants from baseline to postintervention. While marked declines were recorded in participants 2 (4°), 3 (13°), and 6 (15°), slight improvements were observed in participants 4, (5°), 11 (13°), and 12 (5°). The mean ROM for the participants 
Wrist Flexion Range of Motion
The wrist ROM for the 11 participants who were assessed showed no difference to marked improvement. Although six of them indicated no changes in ROM from baseline to postintervention, improvements were recorded in five participants: 3, 6, 7, 10, and 11. The difference for the sample was highest in the postintervention phase, with averages in ROM of 54°, 55°, and 67°. The difference was statistically significant (p = 0.01) as analyzed by the Friedman test for repeated measures ANOVA. The difference was most significant from baseline 2 to postintervention, as indicated by a nonparametric t-test (p = 0.04). Figure 3 illustrates the changes in strength of upperlimb muscles for participants from baseline to postintervention. Table 4 lists the change in strength for each participant.
Shoulder (Flexion) Strength
Following the PEGs intervention, no difference was seen with regards to the strength in shoulder flexion for the participants. Participants 3 and 6 showed marked improvements ranging from trace to fair strength, while participants 8 and 11 were tested from fair to normal strength. The difference for the sample was highest in the postintervention phase, with average shoulder flexion strength changing from 2.5 to 2.9. These differences were not statistically significant as analyzed by the Friedman test for repeated measures ANOVA.
No remarkable changes in elbow flexion strength were detected in the participants following the PEG intervention. However, similar to the findings with shoulder strength, participants 3, 6, and 8 showed improvements ranging from trace to poor, trace to fair, and good to normal, respectively. These improvements resulted in higher muscle strength average for the sample ranging from 2.8 to 3.0. Again, these differences were not statistically significant as analyzed by the Friedman test for repeated measures ANOVA.
The findings for wrist strength were similar to those of the shoulder and elbow in that the strength remained overall stable for the participants, with the exception of participants 3, 6, and 8. The degree of improvement for these participants ranged similarly as before from trace to poor, trace to fair, and good to normal, respectively. As with findings for shoulder and elbow, participant 7 showed a decline in strength from poor to trace for wrist strength. The average wrist strength for the sample indicated an increase in the three phases from 2.6, 2.7, to 2.9, respectively, with the differences not being statistically significant.
The grip strength following the PEG intervention remained relatively stable for most participants. Participant 1 demonstrated the most improvement (12 lb), while participants 2, 11, and 15 were assessed for mild gains in grip strength. Overall, the average grip strength for the sample declined slightly from 42.08 lb at second baseline to 41.83 lb following intervention.
Effect on Cognitive Skills
All the participants achieved complete independence (score of 0) on the EFPT-initiation skill score following the PEG intervention, including participants 2, 3, 4, 5, 6, and 10 who demonstrated improvement from baseline to postintervention (Figure 4) . As reflected in Figure 5 , the mean differences for the 12 participants on the repeated measures Friedman analysis were significant (p = 0.01), with much of the significant change being accounted from baseline 2 to postintervention (p = 0.03).
In terms of execution skills, 10 out of 12 participants indicated improvement in scores on organization, with 8 participants gaining complete independence on EFPT tasks ( Table 5 ). The differences were statistically significant (p = 0.01) on the Friedman analysis, and the change from baseline 2 to postintervention was significant (p = 0.04) as analyzed by the nonparametric t-test. The sequencing skills of 9 out of the 12 participants improved following the PEGs intervention, with 4 participants achieving a complete independence score. However, the differences across baseline to postintervention were not statistically significant. The scores on judgment and safety improved for 8 out of the 12 participants, with 5 participants demonstrating complete independence following intervention. The differences from baseline to postintervention were not statistically significant. However, the change in safety score was significant from baseline 2 to postintervention (p < 0.001). For the overall EFPT task completion, 10 participants performed at the level of complete independence following the PEGs intervention, with 5 participants demonstrating improvement from the baseline phases. The mean differences from baseline to intervention were statistically significant (p = 0.02).
The EFPT task scores are presented in Figure 5 . For cooking, all but one participant (11) demonstrated improvement in their scores, with six performing at independent level following the PEGs intervention ( Table 6 ). The mean differences in improvement for this EFPT task were statistically significant (p = 0.02). For bill pay, 8 out of the 12 participants demonstrated improvement, which was noticeably evident in participants 1, 3, and 4. Although the mean differences reflect these improvements, they were not statistically significant (p = 0.07). The EFPT task for telephone use mostly remained unchanged for all participants, while improvements were substantial for the task of medication management, especially for 8 out of the12 participants.
The mean differences for scores on medication management from baseline to postintervention were statistically significant (p = 0.001), and the change was noted to be statistically significant from baseline 2 to postintervention (p = 0.01).
The task performance score for EFPT is presented in Figure 6 . As seen in Table 7 , nine participants demonstrated improvement in overall task performance, with the improvement noticeably evident in seven participants (1, 2, 3, 4, 6, 7, and 8) . As a result, the mean difference on this global EFPT score was statistically significant (p = 0.02), with much of the gains being statistically significant between baseline 2 and postintervention (p = 0.03).
DISCUSSION
As seen in previous research, the participants in this study showed improvement in both ROM and strength for shoulder, elbow, and wrist flexion and grasp and pinch on the involved upper limb [25, [27] [28] [29] . Although the gains were not statistically significant, the clinical/functional significance for improved upper-limb mobility should not be discounted. This was found in the activity demands of the EFPT, where participants were more able to open medicine bottles, reach and manipulate tools for cooking, and use a calculator for paying bills. The improvement in affected side grasp by most participants was intriguing because the demands of the intervention required significant contralateral manipulation of the computer mouse. The motor demands of this activity (lateral key pinch and grasp) align with improvement on the involved side for pinch and grasp. Among the 12 participants, the total time spent on the PEG intervention ranged from 221 to 1,159 min. We could not find any significant correlation between the changes in outcome measures and time spent on the intervention. Nonetheless, as in other studies, those participants who had higher levels of active movement during the pre-assessment phase seemed to benefit more from the treatment effects of the intervention. It was interesting to note that the time spent during intervention did not correlate with motor gains. It appears 
Note: Negative score on EFPT is indicative of gain in cognitive skills. * p < 0.05 (nonparametric Wilcoxon signed rank t-test). B1 = baseline 1, B2 = baseline 2, PI = postintervention.
that involvement in such a motor-based activity, even for short durations, is beneficial to those participants with ABI who had some level of active movement at pre-assessment. Finally, from a motor perspective, it is important to note that the participants were, on average, 11.4 yr postinjury and gains in joint movement of the shoulder, elbow, and wrist along with strength of the same joints and grasp and pinch were observed. Clearly, the study findings support the theoretical constructs of benefits associated with mirror therapy, mental imagery, and practice and computer-based motor intervention. These findings, with regards to this specific participant pool, add to a body of knowledge demonstrating that potential benefit and continued improvement years after injury are possible with involvement in focused motor intervention.
This study also addressed the concerns of Gutman et al. related to the cognitive demand of computer-based motor intervention [13] . Most participants demonstrated significant improvement in executive functioning skills. In consideration of the demands of the PEGs program, these findings have clinical implications. The PEGs program requires a significant initiation of task demand, as well as sequencing and problem-solving; therefore, it is critical for rehabilitation professionals to explain the broader benefit of this type of motor intervention to clients, especially those with ABI. The most important factor is that these interventions are transferable to daily activities such as preparing simple meals, taking medications, using the phone, and paying bills. These are critical activities to most individuals, especially community-dwelling adults with ABI.
LIMITATIONS
In reviewing the results of this study, it is important to take into account the relatively small sample size and the need to replicate this intervention with a larger sample. The study participants averaged 11.4 chronic postinjury years, negating the possibility that neuroplasticity gains were due to other neuromotor interventions commonly seen in the in acute stages of recovery. Nonetheless, prior to drawing any clinical conclusions, a RCT involving individuals in acute to subacute stages of neuromotor recovery is warranted to verify how the study's findings generalize to that population.
Twelve adult volunteer participants were transported from Massachusetts, Maine, and within New Hampshire, three times each week. Attendance and time for actual intervention (simulation play) were determined by practical and personal factors experienced by the participants. Practical issues included cost to attend three times per week, dependency on and arrangements for transportation; reliance on availability of caregivers; and managing weather-related conditions, including New England road travel, sidewalk footing, and wheelchair malfunctions. These conditions influenced intervention time and should be considered in future studies.
CONCLUSIONS
The focus of this study was to determine whether individuals with chronic ABI could benefit from participating in a computer-based intervention focused on upper-limb and executive functioning. Although these findings are encouraging, more research is needed prior to integration of this type of intervention into the therapeutic process by rehabilitation professionals. However, computer-based, simulationdriven intervention could decrease demands on therapists and provide motivation for clients (related to the interest observed in most individuals for computer-based technology). Also, in an environment in which personal reimbursement for services is limited, insurance coverage is often inadequate, and treatment periods are short, this type of intervention, as evidenced in this study, can extend rehabilitation for individuals with motor involvement secondary to ABI. Further research involving this type of intervention and technology is indicated. Institutional Review: Institutional review for human subject protection was conducted and approval was obtained from the center and through the Research Integrity Services at the University of New Hampshire. Participant Follow-Up: The participants will be made aware of this publication through communication by authors to the community sites where they are currently working.
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